Abstract. In current literature there is evidence that psychological factors can affect the incidence and progression of some cancers. Data obtained from animal models support the hypothesis that stress can be a cofactor. The underlying mechanisms for the association between psychological factors and pancreatic cancer are very poorly understood. In this study, we examined the possible growth promoting effects of the stress-associated hormone, norepinephrine, on immortalized human pancreatic duct epithelial cells. Our results suggest that norepinephrine can increase cell proliferation of human pancreatic duct epithelial cells. We also evaluated the ability of norepinephrine to induce interleukin-6 (IL-6), interleukin-10
Introduction
Pancreatic cancer is one of the most serious types of cancers. Each year approximately 32,000 individuals in the United States are diagnosed with pancreatic cancer. The American Cancer Society estimates that for the year 2007 there will be 37,170 new cases and 33,370 deaths from pancreatic cancer in the United States alone. Cancer of the exocrine pancreas is rarely curable and has an overall survival rate of <4% (1) . The highest cure rate occurs if the tumor is truly localized to the pancreas; however, this stage of the disease accounts for <20% of cases. For those patients with localized disease and small cancers (<2 cm) with no lymph node metastases and no extension beyond the capsule of the pancreas, complete surgical resection can yield actuarial 5-year survival rates of 18-24% (2) . For patients with advanced cancers, the overall survival rate of all stages is <1% at 5 years with most patients dying within 1 year (3, 4) . There is evidence that psychological factors can affect the incidence and progression of some cancers (5, 6) . Data obtained from animal models support the hypothesis that stress could be a cofactor (7, 8) . Studies in the field of psychoneuroimmunology have shown that psychological stress can affect many aspects of cellular immune function through the modulation of the endocrine system. These interactions have been shown to be bidirectional (9, 10) . Among cancer patients, behavioral factors may serve as predictors of clinical outcome, such as response to therapy and overall survival (11) (12) (13) (14) (15) . These findings suggest that psychosocial stress factors not only affect the immune system adversely but also contribute to poor outcome in cancer patients.
Aside from stress-related changes in the immune response, recent studies suggest that stress can affect downstream events that may contribute to tumor progression such as angiogenesis and tumor metastasis (16) (17) (18) . These processes involve matrix metalloproteinases (MMP) and the vascular endothelial growth factor (VEGF). VEGF has been well described as a cytokine important for endothelial cell proliferation and the process of angiogenesis essential for tumor development (19) . MMP activity has been further linked to the complex process of tumor development (20) . Recently, works by Sood et al (17) and Lutgendorf et al (16, 18) have shown that the catecholamines, norepinephrine (NE) and epinephrine, may influence the progression of ovarian cancer by modulating the expression of MMPs and the angiogenic cytokine VEGF in ovarian cancer cells (21) . The catecholamines, epinephrine and norepinephrine, are components of the sympathetic response that are propagated in the sympathetic nervous system and the adrenal medulla. Both norepinephrine and epinephrine are elevated in individuals with acute or chronic stress (22, 23) . Studies in mice support these observations. Using social isolation stress, the mRNA levels of MMP-2, MMP-9 and others were higher in tumor and liver tissues of isolated mice than in control mice grouped together (24) . To date, the association between psychological factors such as chronic stress and pancreatic cancer are very poorly understood. In this study, we examined the potential growth promoting effects of stress-associated hormone, norepinephrine, on human pancreatic duct epithelial cells. The objective of our study is to demonstrate that norepinephrine can increase the cell proliferation and IL-6 levels of human pancreatic duct epithelial cells and this induction can be inhibited by sulforaphane, a natural compound from the cruciferous vegetables.
Materials and methods
Human pancreatic duct epithelial cells. Immortalized human pancreatic duct epithelial cells were provided by Dr MingSound Tsao at the University of Toronto and were maintained in CnT-07CF epidermal keratinocyte medium (CELLnTEC Advanced Cell Systems, Bern, Switzerland) supplemented with 100 U/ml penicillin and 100 mg/ml streptomycin (Invitrogen Life Technologies, Carlsbad, CA) and 0.07 mM CaCl 2 in addition to the manufacturer's provided supplements. These cells were cultured at 37˚C and 5% CO 2 .
MTT cell proliferation assay. Human pancreatic duct epithelial cells (4x10 3 ) were grown in 100 μl 10% FBS-supplemented DMEM medium in 96-well flat-bottomed plates overnight. Cells were treated with norepinephrine (5 or 10 μM) that was dissolved in serum-free Dulbecco's modified Eagle's medium (DMEM) with or without 10 or 20 μM of sulforaphane and resveratrol respectively (Sigma-Aldrich Co., St. Louis, MO) that was dissolved in Dimethyl Sulfoxide (DMSO) before being added to the medium. Cell viability was analyzed 72 h after the treatments by the MTT [3-(4, 5-dimethyl-2-thiazolyl)-2, 5-diphenyl-2H-tetrazolium bromide] (Sigma-Aldrich) assay in three replicates and from two independent experiments. At the end-point, cells were treated with MTT (1 mg/ml) for 3-4 h. Colorimetric quantification was determined by an EL808 Ultra Micro-plate Reader (Bio-Tek Instruments, Inc., Winooski, VT) after the addition of formazan dissolved in 25% N, N-dimethylformamide and 10% SDS under light-proof conditions overnight. Microsoft excel was used to analyze the cell viability data. The untreated cells were set at 100% and the cell viability of curcumin-and GO-Y030-treated cells was determined relatively to untreated cells. Results are presented as bar charts with error bars as needed. The statistical calculations will be performed using the SigmaStat statistical software package (SSSP, Chicago, IL).
ELISA assays. Human pancreatic duct epithelial cells were grown in 6-well dishes until they had reached 75-80% confluency. Their media werew then replaced with a 1:1 mixture of CnT-07CF and serum-free DMEM to a final volume of 3 ml per well. These cells were then incubated for an additional 24 h prior to their respective treatments with 5 and 10 μM of norepinephrine with or without 10 or 20 μM of sulforaphane. The media were subsequently collected at the appropriate time-points, filter-sterilized, aliquoted and stored at -80˚C. Secretion of IL-6 and VEGF (Peprotech, Rocky Hill, NJ) and IL-10 (Diaclone Co., Stamford, CT) was later quantified with ELISA kits per the manufacturer's instructions. Samples were assayed in duplicate. Error bars represent ± standard deviation.
Results

Increased cell proliferation and viability of human pancreatic duct epithelial cells by norepinephrine is inhibited by the dietary agent, sulforaphane.
We first examined whether norepinephrine could increase the cell proliferation of human pancreatic duct epithelial cells. Because there are no normal human pancreatic duct epithelial cells that are commercially available, we used immortalized human pancreatic duct epithelial cells which were provided by Dr Ming-Sound Tsao. Norepinephrine (5 and 10 μM) increases cell proliferation human pancreatic duct epithelial cells (Fig. 1A) to ~2.5-fold. We then explored if the dietary agents, sulforaphane and resveratrol, can inhibit the stimulation of cell proliferation of human pancreatic duct epithelial cells induced by norepinephrine. Our results showed that 10 and 20 μM of sulforaphane have reduced cell proliferation of non-norepinephrine stimulated human pancreatic duct epithelial cells by ~2-fold (data not shown). Norepinephrine (10 μM) increases cell proliferation of human pancreatic duct epithelial cells to ~2.5-fold compared to untreated human pancreatic duct epithelial cells (Fig. 1B) . Interestingly, 10 and 20 μM of sulforaphane reduced cell proliferation of norepinephrinestimulated human pancreatic duct epithelial cells by ~5-fold (Fig. 1B) . In contrast, 10 and 20 μM of another chemopreventive agent, resveratrol, did not inhibit cell proliferation of norepinephrine-stimulated human pancreatic duct epithelial cells (Fig. 1C) . These results indicated that sulforaphane but not resveratrol has an inhibitory effect on norepinephrine stimulated cell proliferation in human pancreatic duct epithelial cells.
Norepinephrine increases the levels of IL-6 and VEGF in human pancreatic duct epithelial cells.
It has been shown that norepinephrine can increase IL-6 and VEGF levels. We therefore examined whether norepinephrine can increase the levels of IL-6 and VEGF in human pancreatic duct epithelial cells. Our results showed that norepinephrine dramatically increases the levels of IL-6 at 4 h post treatment and the IL-6 levels continue to increase by >80-fold at 24 h post treatment in human pancreatic duct epithelial cells (Fig. 2A) . In contrast, norepinephrine does not increase the levels of IL-10 during the 24-h treatment in HPDE cells (data not shown). Further, our results demonstrated that norepinephrine increases the levels of VEGF at 4 h post treatment and the VEGF levels continue to increase by more than 4-fold at 24 h post treatment in human pancreatic duct epithelial cells (Fig. 2B) .
Sulforaphane inhibits norepinephrine-mediated increases of IL-6 levels but not VEGF levels in human pancreatic duct epithelial cells.
Since the chemopreventive agent, sulforaphane, has been shown to have inhibitory effects on norepinephrinemediated increases in cell proliferation of human pancreatic duct epithelial cells, we also explored its ability to inhibit IL-6 and VEGF. Interestingly, our results showed that sulforaphane reduces the increased levels of secreted IL-6 levels in norepinephrine stimulated HPDE cells (Fig. 3A) . However, sulforaphane does not inhibit the increased levels of secreted VEGF in norepinephrine stimulated human pancreatic duct epithelial cells (Fig. 3B ). This report is the first to demonstrate that sulforaphane has an inhibitory effect on norepinephrine mediated increase of IL-6 levels. At this time, we do not know whether the reduction of secreted IL-6 is due to the inhibition of IL-6 secretion or if inhibition is occurring at the levels of transcription or translation of IL-6.
Discussion
At present, the possible effect of chronic stress on normal human pancreatic duct cells is unclear. Our results demonstrated that stress-associated hormone, norepinephrine, can increase cell proliferation and induce increased levels of IL-6 and VEGF of immortalized human pancreatic duct epithelial cells. This is the first report that shows that norepinephrine has stimulating effects on cell proliferation and levels of IL-6 and VEGF in human pancreatic duct epithelial cells. Our data are consistent with the recent reports that norepinephrine could lead to increased expression of IL-6 mRNA and protein levels in ovarian carcinoma cells (25) . These results suggest that chronic stress may serve as a cofactor to promote oncogenesis of normal or pre-neoplastic pancreatic cells.
High consumption of fruits and vegetables has been associated with a lower risk of pancreatic cancer in some case-control studies (26, 27) . Interestingly, our results also demonstrated that the dietary agent sulforaphane but not resveratrol can inhibit norepinephrine-mediated increases in cell viability in human pancreatic duct epithelial cells. However, sulforaphane does not inhibit the cell proliferation of human pancreatic duct epithelial cells that are not stimulated by norepinephrine. Consistent with our results, Kuroiwa et al also reported the protective effects of sulforaphane but not resveratrol against initiation of N-nitrosobis(2-oxopropyl)amine induced pancreatic carcinogenesis in hamsters (28) . In addition, sulforaphane appears to have an inhibitory effect on established human pancreatic cancer cells (29) . Sulforaphane also inhibits norepinephrine-mediated increases of the IL-6 levels but not VEGF levels. IL-6 is a pro-inflammatory cytokine that has been shown can stimulate the cell growth of immortalized and cancer cells (30) (31) (32) , cell invasion (33) and angiogenesis (32, 34, 35) . Furthermore, we observed that norepinephrine can increase the MMP-9 levels in HPDE cells and that this induction is inhibited by sulforaphane (data not shown). This is the first report to suggest that sulforaphane, a natural compound from the Cruciferous vegetables (36) , may have preventive effects on oncogenesis in HPDE cells induced by norepinephrine. Moreover, sulforaphane may have a chemopreventive effect by inhibiting norepinephrinemediated cell proliferation and IL-6 and MMP-9 levels.
In conclusion, our results suggest that chronic stress may increase cell proliferation and IL-6 and VEGF secretion of human pancreatic duct epithelial cells, at least in part, by stress-associated hormone, norepinephrine. Daily consumption of cruciferous vegetables which contain sulforaphane, especially during chronic stress, might have some preventive effects against possible norepinephrine-mediated cancer development for pancreatic carcinoma.
